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1
APPARATUS HAVING CLOSED LOOP IR
CAMERA HEAT DETECTION SYSTEM AND
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. § 119(e)
to U.S. Provisional Application Ser. No. 63/120,971, titled
“APPARATUS HAVING CLOSED LOOP IR CAMERA
HEAT DETECTION SYSTEM AND METHOD,” filed on
Dec. 3, 2020, which is incorporated herein by reference in
its entirety for all purposes.

BACKGROUND OF THE DISCLOSURE
1. Field of the Disclosure

This application relates generally to the surface mount of
electronic components onto a printed circuit board by
employing an assembly process, such as a reflow process, a
wave soldering process, and/or a selective soldering process,
and more particularly to an apparatus that is designed to
control heat applied to the printed circuit board during the
assembly process.

2. Discussion of Related Art

In the fabrication of printed circuit boards, electronic
components are often surface mounted to a bare board by a
process known as “reflow soldering.” In a typical reflow
soldering process, a pattern of solder paste is deposited onto
the circuit board, and the leads of one or more electronic
component are inserted into the deposited solder paste. The
circuit board is then passed through an oven where the solder
paste is reflowed (i.e., heated to a melt or reflow tempera-
ture) in the heated zones and then cooled in a cooling zone
to electrically and mechanically connect the leads of the
electronic component to the circuit board. The term “circuit
board” or “printed circuit board,” as used herein, includes
any type of substrate assembly of electronic components,
including, for example, wafer substrates.

As stated above, present day reflow ovens have heating
and cooling chambers. To achieve a consistent reflow pro-
cess profile, heat applied to the electronic components and
the circuit boards is precisely controlled to ensure proper
mechanical and electrical connection of the electronic com-
ponents to the circuit boards.

Moreover, in the fabrication of printed circuit boards,
electronic components can be mounted to circuit boards by
a process known as “wave soldering.” In a typical wave
solder machine, the circuit boards are moved by a conveyor
on an inclined path past a fluxing station, a pre-heating
station, and finally a wave soldering station. At the wave
soldering station, a wave of solder is caused to well
upwardly (by means of a pump) through a wave solder
nozzle and contact portions of the printed circuit board to be
soldered. As with reflow ovens, wave solder machines (and
selective solder machines) require that the heat of each zone
is precisely controlled to ensure proper mechanical and
electrical connection of the electronic components to the
circuit boards. For both reflow ovens and wave (and selec-
tive) solder machines, controlling heat in the zones of the
respective equipment is very important for optimum perfor-
mance. For example, undesirable temperature variance can

15

40

45

50

2

cause warpage of the circuit board and unreliable connec-
tions between the electronic components and the circuit
board.

SUMMARY OF THE DISCLOSURE

One aspect of the present disclosure is directed to a reflow
oven configured to join electronic components to an elec-
tronic substrate. In one embodiment, the reflow oven com-
prises a chamber housing including a tunnel extending
through multiple processing zones, a conveyor configured to
transport electronic substrates in the tunnel through the
multiple processing zones, and a heat detection system
including at least one temperature sensor coupled to the
chamber housing. The at least one temperature sensor is
configured to detect temperatures of the electronic substrates
passing proximate to the at least one temperature sensor. The
reflow oven further comprises a controller coupled to the
multiple processing zones, the conveyor and the heat detec-
tion system. The controller is configured to receive tempera-
ture data from the heat detection system.

Embodiments of the reflow oven further may include the
at least one temperature sensor having at least one sensor
assembly. The at least one sensor assembly may include a
support structure, a support bracket coupled to the support
structure, and an IR camera secured to the support bracket.
The support structure may include a shroud that is mounted
on the mounting plate. The shroud may be configured to
surround an opening within a top of the tunnel to enable a
temperature of the tunnel to be sensed by the IR camera. The
support bracket may include a port to connect to a source of
inert gas. The support bracket may include a glass cover to
protect the IR camera. The support bracket may be config-
ured to mount the IR camera on top of the tunnel at a desired
height and a desired orientation to achieve a full field of
view. The at least one sensor assembly may include multiple
IR cameras to measure two or more separate locations
within select locations within the tunnel. The heat detection
system may be configured with the controller to provide
closed loop control of the zone temperatures of the multiple
processing zones using the sensor assembly. The at least one
sensor assembly may be configured to obtain temperature
data at specific electronic substrate level locations and in
certain processing zones of the reflow soldering oven. Tem-
perature data may be used to provide electronic substrate
traceability in which data on a particular electronic substrate
is provided on a display associated with the controller.
Temperature data may be used to find hot spot zones/levels
within the reflow soldering oven. Temperature data may be
used to optimize the performance of the reflow soldering
oven and/or to provide downstream input of processing
equipment and/or to determine start and end times of scan-
ning performed by the at least one sensor assembly on
electronic substrates and/or to generate electronic substrate
profiles above and below the electronic substrate. The closed
loop control may include controlling a speed of the conveyor
in the multiple processing zones. The electronic substrates
each may include a bar code that is scanned by a bar code
scanner. The controller may be configured to achieve a scan
mode to measure the temperature of components of the
electronic substrates as the electronic substrates travel on the
conveyor through the reflow soldering oven.

Another aspect of the present disclosure is directed to
method of joining electronic components to an electronic
substrate in a reflow oven. In one embodiment, the method
comprises: transporting electronic substrates through a
chamber housing including a tunnel extending through mul-
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tiple processing zones; detecting temperatures of the elec-
tronic substrates passing proximate to a heat detection
system including at least one temperature sensor coupled to
the chamber housing; and receiving temperature data from
the heat detection system with a controller coupled to the
multiple processing zones, the conveyor and the heat detec-
tion system.

Embodiments of the method further may include scanning
a bar code associated with each substrate by a bar code
scanner and/or controlling the reflow soldering oven to
achieve a scan mode to measure the temperature of compo-
nents of the electronic substrates as the electronic substrates
travel on the conveyor through the reflow soldering oven.
The heat detection system may be configured with the
controller to provide closed loop control of the zone tem-
peratures of the multiple processing zones using the sensor
assembly. The at least one sensor assembly may be config-
ured to obtain temperature data at specific electronic sub-
strate level locations and in certain processing zones of the
reflow soldering oven. Temperature data may be used to
provide electronic substrate traceability in which data on a
particular electronic substrate is provided on a display
associated with the controller. Temperature data may be used
to find hot spot zones/levels within the reflow soldering
oven. Temperature data may be used to optimize the per-
formance of the reflow soldering oven and/or to provide
downstream input of processing equipment and/or to deter-
mine start and end times of scanning performed by the at
least one sensor assembly on electronic substrates and/or to
generate electronic substrate profiles above and below the
electronic substrate. The closed loop control may include
controlling a speed of the conveyor in the multiple process-
ing zones. The method further may include scanning a bar
code associated with each substrate by a bar code scanner.
The method further may include controlling the reflow
soldering oven to achieve a scan mode to measure the
temperature of components of the electronic substrates as
the electronic substrates travel on the conveyor through the
reflow soldering oven.

Yet another aspect of the present disclosure is directed to
a wave solder or selective solder machine configured to join
electronic components to an electronic substrate. In one
embodiment, the reflow oven comprises a chamber housing
including a tunnel extending through multiple processing
zones, a conveyor configured to transport electronic sub-
strates in the tunnel through the multiple processing zones,
and a heat detection system including at least one tempera-
ture sensor coupled to the chamber housing. The at least one
temperature sensor is configured to detect temperatures of
the electronic substrates passing proximate to the at least one
temperature sensor. The wave solder or selective solder
machine further comprising a controller coupled to the
multiple processing zones, the conveyor and the heat detec-
tion system. The controller is configured to receive tempera-
ture data from the heat detection system. The at least one
temperature sensor may include at least one sensor assem-
bly. The at least one sensor assembly may include a support
structure, a support bracket coupled to the support structure,
and an IR camera secured to the support bracket. The
support structure may include a mounting plate that is
positioned on a top of the tunnel and a shroud that is
mounted on the mounting plate. The shroud may be con-
figured to surround an opening within the mounting plate to
enable a temperature of the tunnel to be sensed by the IR
camera. The support bracket may include a port to connect
to a source of inert gas. The support bracket may include a
glass cover to protect the IR camera. The support bracket
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may be configured to mount the IR camera on top of the
tunnel at a desired height and a desired orientation to achieve
a full field of view. The at least one sensor assembly may
include multiple IR cameras to measure two or more sepa-
rate locations within select locations within the tunnel. The
heat detection system may be configured with the controller
to provide closed loop control of the zone temperatures of
the multiple processing zones using the at least one sensor
assembly. The at least one sensor assembly may be config-
ured to obtain temperature data at specific electronic sub-
strate level locations and in certain processing zones of the
reflow soldering oven. Temperature data may be used to
provide electronic substrate traceability in which data on a
particular electronic substrate is provided on a display
associated with the controller. Temperature data may be used
to find hot spot zones/levels within the wave solder or
selective solder machine. Temperature data may be used to
optimize the performance of the wave solder or selective
solder machine and/or to provide downstream input of
processing equipment and/or to determine start and end
times of scanning performed by the at least one sensor
assembly on electronic substrates and/or to generate elec-
tronic substrate profiles above and below the electronic
substrate. The closed loop control may include controlling a
speed of the conveyor in the multiple processing zones. The
electronic substrates each may include a bar code that is
scanned by a bar code scanner. The controller may be
configured to achieve a scan mode to measure the tempera-
ture of components of the electronic substrates as the
electronic substrates travel on the conveyor through the
wave solder or selective solder machine.

Another aspect of the present disclosure is directed to a
method of joining electronic components to an electronic
substrate in a wave solder or selective solder machine. In
one embodiment, the method comprises: transporting elec-
tronic substrates through a chamber housing including a
tunnel extending through multiple processing zones; detect-
ing temperatures of the electronic substrates passing proxi-
mate to a heat detection system including at least one
temperature sensor coupled to the chamber housing; and
receiving temperature data from the heat detection system
with a controller coupled to the multiple processing zones,
the conveyor and the heat detection system.

Embodiments of the method further may include scanning
a bar code associated with each substrate by a bar code
scanner and/or controlling the machine to achieve a scan
mode to measure the temperature of components of the
electronic substrates as the electronic substrates travel on the
conveyor through the machine. The heat detection system
may be configured with the controller to provide closed loop
control of the zone temperatures of the multiple processing
zones using the sensor assembly. The at least one sensor
assembly may be configured to obtain temperature data at
specific electronic substrate level locations and in certain
processing zones of the machine. Temperature data may be
used to provide electronic substrate traceability in which
data on a particular electronic substrate is provided on a
display associated with the controller. Temperature data may
be used to find hot spot zones/levels within the machine.
Temperature data may be used to optimize the performance
of the machine and/or to provide downstream input of
processing equipment and/or to determine start and end
times of scanning performed by the at least one sensor
assembly on electronic substrates and/or to generate elec-
tronic substrate profiles above and below the electronic
substrate. The closed loop control may include controlling a
speed of the conveyor in the multiple processing zones.
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Another aspect of the present disclosure is directed to an
apparatus configured to join electronic components to an
electronic substrate. In one embodiment, the apparatus com-
prises a chamber housing including a tunnel extending
through multiple processing zones, a conveyor configured to
transport electronic substrates in the tunnel through the
multiple processing zones, and a heat detection system
including at least one temperature sensor coupled to the
chamber housing. The at least one temperature sensor is
configured to detect temperatures of the electronic substrates
passing proximate to the at least one temperature sensor. The
apparatus further includes a controller coupled to the mul-
tiple processing zones, the conveyor and the heat detection
system. The controller is configured to receive temperature
data from the heat detection system.

Yet another aspect of the disclosure is directed to a
method of joining electronic components to an electronic
substrate in an apparatus. In one embodiment, the method
comprises: transporting electronic substrates through a
chamber housing including a tunnel extending through mul-
tiple processing zones; detecting temperatures of the elec-
tronic substrates passing proximate to a heat detection
system including at least one temperature sensor coupled to
the chamber housing; and receiving temperature data from
the heat detection system with a controller coupled to the
multiple processing zones, the conveyor and the heat detec-
tion system.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are not intended to be drawn
to scale. In the drawings, each identical or nearly identical
component that is illustrated in various figures is represented
by a like numeral. For purposes of clarity, not every com-
ponent may be labeled in every drawing. In the drawings:

FIG. 1 is a perspective view of a reflow soldering oven of
an embodiment of the present disclosure;

FIG. 2 is a schematic view of the reflow soldering oven
shown in FIG. 1;

FIG. 3 is a perspective view of a portion of the reflow
soldering oven showing a heat detection system of an
embodiment of the present disclosure;

FIG. 4 is a perspective view of an IR camera assembly of
the heat detection system shown in FIG. 3;

FIG. 5 is a perspective view of the IR camera assembly
mounted on a top wall of a tunnel of the reflow soldering
oven,

FIG. 6 is a perspective view of an IR camera mounted on
a gantry of another embodiment of the heat detection
system,

FIG. 7 is a schematic view of a wave solder machine of
an embodiment of the disclosure;

FIG. 8 is a side elevational view of the wave solder
machine with external packaging removed to reveal internal
components of the wave solder machine;

FIG. 9 is a perspective view of an IR camera assembly of
the heat detection system associated with the wave solder
machine;

FIG. 10 is perspective view of the IR camera assembly
shown in FIG. 9.

DETAILED DESCRIPTION OF THE
DISCLOSURE

Solder paste is routinely used in the assembly of printed
circuit boards, where the solder paste is used to join elec-
tronic components to the circuit board. Solder paste includes
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solder for joint formation and flux for preparing metal
surfaces for solder attachment. The solder paste may be
deposited onto the metal surfaces (e.g., electronic pads)
provided on the circuit board by using any number of
application methods. In one example, a stencil printer may
employ a squeegee to force the solder paste through a
metallic stencil laid over an exposed circuit board surface. In
another example, a dispenser may dispense solder paste
material onto specific areas of the circuit board. Leads of an
electronic component are aligned with and impressed into
the solder deposits to form the assembly. In reflow soldering
processes, the solder is then heated to a temperature suffi-
cient to melt the solder and cooled to permanently couple the
electronic component, both electrically and mechanically, to
the circuit board. The solder typically includes an alloy
having a melting temperature lower than that of the metal
surfaces to be joined. The temperature also must be suffi-
ciently low so as to not cause damage to the electronic
component. In certain embodiments, the solder may be a
tin-lead alloy. However, solders employing lead-free mate-
rials may also be used.

Temperature control of the soldering process is very
important. In one embodiment of the present disclosure, a
heat detection system having several infrared (IR) cameras
is used to precisely measure the temperature of the circuit
board within strategic locations of the reflow soldering oven.
The information obtained from the IR cameras of the heat
detection system can be used to provide closed-loop control
of the reflow oven to ensure proper connections between
electronic components and circuit boards. Other types of
temperature measuring devices can be employed in place of
the IR cameras. For example, laser temperature sensors can
be used as part of the heat detection system. Moreover, the
techniques described herein can be used for other types of
circuit board processing equipment, such as wave solder
machines and selective solder machines, to achieve
improved temperature control.

For the purposes of illustration only, and not to limit the
generality, the present disclosure will now be described in
detail with reference to the accompanying figures. This
disclosure is not limited in its application to the details of
construction and the arrangement of components set forth in
the following description or illustrated in the drawings. The
principles set forth in this disclosure are capable of other
embodiments and of being practiced or carried out in various
ways. Also, the phraseology and terminology used herein is
for the purpose of description and should not be regarded as
limiting. The use of “including,” “comprising,” “having,”
“containing,” “involving,” and variations thereof herein, is
meant to encompass the items listed thereafter and equiva-
lents thereof as well as additional items.

Reflow Soldering Oven

In the reflow process, a circuit printed board is heated for
approximately 3-5 minutes according a pre-defined tempera-
ture profile. The complete assembly (including board mate-
rial, components, and solder paste) should reach a minimum
reflow temperature, but should not be overheated. Overheat-
ing may damage components and result in solder defects. To
achieve this heating curve, the reflow soldering oven con-
tains multiple heating and cooling zones. The zones blow
hot or cold gas toward the circuit board. The gas temperature
set-points of these zones in combination with the conveyor
speed defines the final heating profile of the circuit board
assembly.

To ensure that the reflow soldering oven is operating
correctly, a printed circuit board is provided with thermo-
couples to record the temperature of the circuit board over
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time. The thermocouples are placed on the coldest and
hottest locations of the circuit board assembly and on critical
components to make sure that the components are not
overheated. Once the set-points and conveyor speed are
determined to be within an acceptable specification, the
oven contains controls and thermal probes to maintain the
temperatures of the zones within the acceptable boundaries.
During production there may be circuit boards with ther-
mocouples that are run through the reflow soldering oven to
assure that all predefined conditions are still within the
acceptable specification. A shortcoming of existing process
control is that there is no temperature control on the circuit
board assemblies during the reflow process. Inspection of
the components and solder joints of the circuit boards occur
after soldering; however, there is no verification during the
time the circuit boards are heated.

Existing process control is directed to maintaining the
zone temperatures and conditions within specification using
thermo probes that measure the gas temperatures but not the
actual temperature on the circuit board assemblies. There is
thermal profiling hardware available that have software tools
that help to define, measure, monitor and improve thermal
processes for electronic manufacturing services. These sys-
tems make the reflow soldering ovens smarter and reduce
defects because of better process control. The intelligent
software makes modifications to the oven settings when
required to guarantee consistent board temperatures and
solder quality.

Despite of the intelligent systems and process control of
the reflow soldering oven, there is no verification of the
actual temperatures of the circuit board assemblies during
soldering. The implementation of a heat detection system
that can obtain thermal images of the circuit board assem-
blies during the reflow will add value to process control
preventing component damage and reducing solder defects.

Embodiments of the present disclosure are directed to a
heat detection system having several IR camera assemblies
strategically positioned within the reflow soldering oven to
obtain closed loop temperature control of the oven. In one
embodiment, a lens of the IR camera assembly is kept clean
to enable making accurate temperature images. The IR
camera assembly includes a special chamber in front of the
lens where nitrogen is purged into to generate an overpres-
sure avoiding the flux contaminated gasses to condensate on
the lens. Another method disclosed herein to maintain a
clean lens from flux residues is to have a transparent foil in
front of the lens on a roll system. Once the foil is dirty, the
roll turns to have a new clean transparent spot. Additionally,
the reflow soldering oven may contain a catalyst to clean the
gas in the zones.

Embodiments of the heat detection system include the use
of thermal images to be part of a closed loop system that
controls the reflow process. Data from the thermal images
are integrated in an intelligent control system of the reflow
soldering oven. The camera can be 3D thermal camera or a
common 2D camera. The data generated (temperatures of
different areas, components, solder paste and board material)
can be used for traceability and corrective actions. The
reflow process can have multiple cameras. A thermal image
scan is a snapshot of the reflow process. However, when
there are multiple cameras installed, the collection of snap-
shots can be used to calculate important process parameters
like time above liquidus and peak temperatures. This data
can be correlated to defect levels and preventive actions can
be sent to printers or dispensers or pick-and-place machines
to make necessary modifications.
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The image scan also can signal deviations and the reflow
soldering oven can respond accordingly. If temperatures are
too low or too high, different actions can be taken, such as
changing conveyor speed or adjusting the fan speed of one
or more heating zones to increase or decrease the heat
transfer. Other methods to make temperature corrections are
to temporarily stopping the circuit board to become warmer
or pushing the circuit board through the zone to achieve a
shorter heating time when the circuit board is too hot. These
small corrections require free space between the circuit
boards. If the board is too cold, IR lamps can be installed in
the zones behind a scanner to warm up that particular circuit
board faster to be in specification. The tracking system of the
oven transport should keep track on the positions of the
circuit boards in the reflow soldering oven to make the scan
at the right moment. Typically, the conveyor has an encoder
or other device that controls speed and defines a position of
the circuit board. In one embodiment, additional sensors can
be installed near the scanners to locate the circuit boards.
The circuit boards can be configured to have barcodes, RFID
tags, or some other type of identification traceability.

Embodiments of the heat detection system are configured
to obtain image scans to show component alignment during
the reflow process and to analyze component movement
defects. For example, if there are multiple scanners in the
reflow soldering oven, positions within the reflow soldering
oven can be defined where the component moves and this
may help to avoid this type of defect. Further actions can
include replacement of a fan or reducing a fan speed in
specific zones of the oven.

Embodiments of the heat detection system further are
configured to obtain temperature profiles of circuit boards at
strategic points within the reflow soldering oven. This is
more accurate than thermocouple profiling, which only
returns temperatures of the probes. The position of the
probes may not be the most critical spots on the circuit board
assemblies and second the thermocouple attachment is criti-
cal. A thermocouple may become loose after some runs;
however, IR cameras remain accurate over time and are not
limited by the number of samples if the lens remains clean.

One embodiment of an exemplary reflow soldering appa-
ratus for soldering the circuit board assembly is shown in
FIG. 1. Such apparatuses are sometimes referred to as reflow
ovens or reflow soldering ovens in the art of printed circuit
board fabrication and assembly. The reflow soldering oven,
generally indicated at 10 in FIG. 1, includes a reflow oven
chamber 12 in the form of a thermally insulated tunnel
defining a passage for pre-heating, reflowing and then cool-
ing solder on a circuit board passing therethrough. The
reflow oven chamber 12 extends across a plurality of heating
zones, including, in one example, three pre-heat zones 14,
16, 18 followed by three soak zones 20, 22, 24, each zone
comprising top and bottom heaters 26, 28, respectively. The
soak zones 20, 22, 24 are followed by four spike zones 30,
32, 34, 36, for example, which likewise include heaters 26,
28. And finally, three cooling zones 38, 40, 42 follow the
spike zones 30, 32, 34, 36. Other reflow soldering oven
configurations can be provided.

A circuit board assembly 44, including deposited solder
paste and electronic components, is passed (e.g., left-to-right
in FIG. 1) through each zone of the thermally insulated
reflow oven chamber 12 on a fixed-speed conveyor, indi-
cated by dashed lines at 46 in FIG. 1, thereby enabling
controlled and gradual pre-heat, reflow and post-reflow
cooling of the circuit board assembly. It should be under-
stood that the fixed-speed conveyor 46 can be divided up
between the zones and embody variable-speed conveyors. In
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the preliminary pre-heat zones 14, 16, 18, the board assem-
bly is heated from ambient temperature up to the flux
activation temperature, which may range between about
130° C. and about 150° C. for lead-based solders and higher
for lead-free solders.

In the soak zones 20, 22, 24, variations in temperature
across the circuit board assembly are stabilized and time is
provided for the activated flux to clean the component leads,
electronic pads and solder powder before reflow. Addition-
ally, VOCs in the flux are vaporized. The temperature in the
soak zones 20, 22, 24 is typically about 140° C. to about
160° C. for lead-based solders and higher for lead-free
solders. In certain embodiments, the circuit board assembly
may spend about thirty to about forty-five seconds passing
through the soak zones 20, 22, 24.

In the spike zones 30, 32, 34, 36, the temperature quickly
increases to a temperature above the melting point of the
solder to reflow the solder. The melting point for eutectic or
near-eutectic tin-lead solder is about 183° C., with the reflow
spike being typically set about 25° C. to about 50° C. above
the melting point to overcome a pasty range of molten
solder. For lead-based solders, a typical maximum tempera-
ture in the spike zones is in the range of about 200° C. to
about 220° C. Temperatures above about 225° C. may cause
baking of the flux, damage to the components and/or sac-
rifice joint integrity. Temperatures below about 200° C. may
prevent the joints from fully reflowing. In one embodiment,
the circuit board assembly is typically maintained at a
temperature within the spike zones 30, 32, 34, 36 above the
reflow temperature for about one minute.

Next, in the cooling zones 38, 40, 42, the temperature
drops below the reflow temperature, and the circuit board
assembly is cooled sufficiently to solidify the joints and
thereby preserve joint integrity before the circuit board
assembly leaves the reflow oven chamber 12.

A flux extraction/filtration system (not shown) may be
provided to remove contaminant materials from the gas
generated by the reflow soldering oven 10. In one embodi-
ment, an input gas duct may be connected to or between
selected zones to provide fluid communication from the
reflow oven chamber 12 to the flux extraction/filtration
system. An output gas duct may be connected to or between
the selected zones to provide fluid communication from the
flux extraction/filtration system back to the reflow oven
chamber 12. In operation, a vapor stream is withdrawn from
the reflow oven chamber 12 through the input gas duct,
through the system, then through the output gas duct and
back to the reflow oven chamber. Similar constructions of
input gas ducts, systems and output gas ducts may be
likewise positioned to withdraw vapor streams from or
between other zones of the reflow soldering oven 10.

The reflow soldering oven 10 further includes a controller
50 to automate the operation of the several stations of the
reflow soldering oven, including but not limited to the top
heater 26 and the bottom heater 28 associated with the
pre-heat zones 14, 16, 18, the soak zones 20, 22, 24, the
spike zones 30, 32, 34, 36, and the cooling zones 38, 40, 42,
in the well-known manner. As shown, the controller 50 may
include a display 52 with a user interface in which an
operator of the reflow soldering machine 10 may control the
operation of the machine.

In a certain embodiment, the controller 50 may be con-
figured to use a personal computer having a suitable oper-
ating system, such as a Microsoft Windows® operating
system provided by Microsoft Corporation, with application
specific software to control the operation of the reflow
soldering oven 10. The controller 50 may be networked with
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a master controller that is used to control a production line
for fabricating circuit boards. As will be described in greater
detail below, the information obtained by the heat detection
system can be used by the controller 50 to optimize the
performance of the reflow soldering oven 10. This optimi-
zation would include an elimination of warpage and the
better and more reliable securement of electronic compo-
nents on the circuit board assembly.

Referring to FIG. 3, the reflow soldering oven 10 includes
a heat detection system, generally indicated at 60, that is
configured to detect heat within the zones of the oven. In the
shown embodiment, the heat detection system 60 includes
several, e.g., three, sensor assemblies, such as IR camera
assemblies, each generally indicated at 62. In this example,
a first IR camera assembly 62a is positioned between the 37
and 4” zone (the pre-heat zone and the soak zone) of the
reflow soldering oven 10, a second IR camera assembly 625
is positioned between the 67 and 7% zone (the soak zone and
the spike zone), and a third IR camera assembly 62¢ is
positioned between the 9” and 10? zone (the spike zone and
the cooling zones). It should be understood that the IR
camera assemblies 62 can be deployed anywhere within the
reflow soldering oven 10 to optimize the performance of the
reflow soldering oven.

Each IR camera assembly 62 is strategically deployed to
measure the temperature of a circuit board assembly 44 as it
passes between zones to ensure that the circuit board assem-
bly is properly conditioned prior to processing. The infor-
mation obtained from each IR camera assembly 62 is
communicated to the controller 50, which is configured to
provide closed loop processing of subsequent circuit board
assemblies passing through the reflow soldering oven 10.

Referring additionally to FIGS. 4 and 5, for the reflow
soldering oven application, each IR camera assembly 62
includes a shroud 64 that is mounted on a top wall 66 of the
chamber 12 of the reflow soldering oven 10. The shroud 64
is configured to extend through an opening formed in the top
wall 66 of the chamber 12 to enable a temperature of the
tunnel to be sensed by the IR camera assembly 62. The
support structure further includes a support bracket 68
mounted on the shroud 64 on top of the shroud. The support
bracket 68 includes a port 70 to connect to a source of
nitrogen (N,) to provide an inert atmosphere within the
shroud 64. The support bracket 68 further includes an input
port 72 to connect a sensor to the support bracket.

The IR camera assembly 62 further includes a tempera-
ture sensor embodying an IR camera 74, which is supported
in an operating position by the support bracket 68. A cable
76 is secured to the input port 72 to connect the IR camera
74 to the controller 50. As mentioned above, any type of
temperature sensor can be employed to measure tempera-
tures of circuit board assemblies traveling within the tunnel
(chamber 12) of the reflow soldering oven 10. The IR
camera 74 is configured to have a field of view that is
directed through the shroud 64 to the tunnel (chamber 12) of
the reflow soldering oven 10. The arrangement is such that
the IR camera 74 of the IR camera assembly 62 is configured
to detect temperatures of circuit board assemblies travelling
in the tunnel (chamber 12) of the reflow soldering oven 10
and communicating this information to the controller 50.
The data obtained from the heat detection system 60 can be
used for a variety of purposes, which will be described in
greater detail below.

Referring to FIG. 6, an alternative embodiment of the
sensor assembly is generally indicated at 80. As shown, the
sensor assembly 80 includes a gantry 82 and a temperature
sensor embodying an IR camera 84, which is connected to
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the gantry and the controller 50. The arrangement is such
that the gantry 82 is configured to move the IR camera 84
under the control of the controller 50 along a width of the
tunnel (chamber 12) to obtain temperature data across a
width of the printed circuit board assembly as the printed
circuit board assembly passes through the reflow soldering
oven 10. The sensor assembly 80 further may include a
shroud (not shown) to maintain the IR camera 84 in an inert
(clean) atmosphere.

Wave Solder Machine

In a wave solder process, there are several process steps.
There is a fluxing step in which the printed circuit board
assembly is cleaned by spraying a flux on the solder side
(bottom) of the printed circuit board assembly. After the flux
is applied, the printed board assembly is transported to a
preheat unit. The preheat unit can embody different con-
cepts, such as convection or radiation heaters. The goal is to
heat the printed circuit board assembly to a pre-defined
temperature that is typically measured on the solder desti-
nation side (topside board). The flux is activated, by the
preheaters and the circuit board assembly is warm so the
solder will not solidify until it achieved the topside board.
The printed circuit board assembly enters the wave of solder.
The soldering process consists of a heated tank of solder,
which is maintained at a required temperature for the
soldering process. Within the tank, a wave of solder is set up
and the printed circuit boards assembly passes over the
solder wave so that the underside of the circuit board
assembly contacts the solder wave.

The temperature of the circuit board assembly during
preheating is typically measured with a pyrometer. This is
usually done after the circuit board assembly passes through
the last preheat unit, just before entering the solder wave
station. However, the spot of a pyrometer is limited so the
data is covers only one small area of the total board.

Embodiments of the heat detection system having an IR
camera is capable of scanning the entire printed circuit board
assembly to obtain temperature data from the printed circuit
board assembly.

Embodiments of the heat detection system includes an IR
camera with the wave solder machine after the last preheat
unit. The data provided by the IR camera can be used for
closed loop process control. When the IR camera is installed
above the printed circuit board assembly in the preheat unit,
the IR camera can provide information to modify the pre-
heaters of the unit in such way that a specified temperature
is achieved for the following boards before entering the
wave soldering station. As a result, the printed circuit board
assembly can achieve an optimal temperature when the
printed circuit board assembly is soldered, which will mini-
mize the risk for defects. The data will be recorded and in
combination with board identification (like barcode or
RFID) the data can be used for traceability which can be
correlated to defects during assembly or field failures.

Referring to FIG. 7, an exemplary wave solder machine,
generally indicated at 100, is used to perform a wave solder
application on a printed circuit board assembly. As men-
tioned above, the wave solder machine 100 is one of several
machines in a printed circuit board fabrication/assembly
line. As shown, the wave solder machine 100 includes a
housing or frame 102 adapted to house the components of
the machine. The arrangement is such that a conveyor 104
delivers printed circuit board assemblies 44 to be processed
by the wave solder machine 100.

Upon entering the wave solder machine 100, each circuit
board assembly 44 travels along an inclined path (e.g., six
degrees with respect to horizontal) along the conveyor 102

10

20

25

40

45

12

through a tunnel 106, which includes a fluxing station,
generally indicated at 108, and a pre-heating station, gen-
erally indicated at 110, to condition the printed circuit board
assembly for wave soldering. Once conditioned (i.e.,
heated), the circuit board assembly 44 travels along the
conveyor 102 to a wave soldering station, generally indi-
cated at 112, to apply solder material to the printed circuit
board assembly. A controller 114 is provided to automate the
operation of the several stations of the wave solder machine
100, including but not limited to the fluxing station 108, the
pre-heating station 110, and the wave soldering station 112,
in the well-known manner.

As with the controller 50 associated with the reflow
soldering oven 10, the controller 114 for the wave solder
machine 100 may be configured to use a personal computer
having a suitable operating system, such as a Microsoft
Windows® operating system provided by Microsoft Corpo-
ration, with application specific software to control the
operation of the wave solder machine. The controller 114
may be networked with a master controller that is used to
control a production line for fabricating circuit boards.
Similar to reflow soldering oven 10, the information
obtained by the heat detection system can be used by the
controller 114 to optimize the performance of the wave
solder machine 100. This optimization would include an
elimination of warpage and the better and more reliable
securement of electronic components on the circuit board
assembly.

Referring to FIG. 8, the fluxing station 108 is configured
to apply flux to the printed circuit board assembly as it
travels on the conveyor 104 through the wave solder
machine 100. The pre-heating station 110 includes several
pre-heaters (e.g., pre-heaters 110a, 1105, 110¢), which are
designed to incrementally increase the temperature of the
printed circuit board assembly as it travels along the con-
veyor 104 through the tunnel 106 to prepare the printed
circuit board assembly for the wave soldering process. The
wave soldering station 112 includes a wave solder nozzle
assembly in fluid communication with a reservoir of solder
material. A pump is provided within the reservoir to deliver
molten solder material to the wave solder nozzle assembly
from the reservoir. Once soldered, the printed circuit board
assembly exits the wave solder machine 100 via the con-
veyor 104 to another station provided in the fabrication line,
e.g., a pick-and-place machine.

In some embodiments, the wave solder machine 100
further may include a flux management system, generally
indicated at 116, to remove volatile contaminants from the
tunnel 106 of the wave solder machine. As shown in FIG. 2,
the flux management system 116 is positioned below the
pre-heating station 110. In one embodiment, the flux man-
agement system 116 is supported by the housing 102 within
the wave solder machine 100, and is in fluid communication
with the tunnel 106, which is schematically illustrated in
FIG. 2. The flux management system 116 is configured to
receive contaminated gas from the tunnel 106, treat the gas,
and return clean gas back to the tunnel. The flux manage-
ment system 116 is particularly configured to remove vola-
tile contaminants from the gas, especially in inert atmo-
spheres.

Referring to FIGS. 9 and 10, the wave solder machine 100
includes a heat detection system that is configured to detect
heat within the zones of the machine, such as between the
preheating station 110 and the wave soldering station 112.
The heat detection system includes a sensor assembly
embodying an IR camera assembly, generally indicated at
120, which is strategically deployed to measure the tem-
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perature of a circuit board assembly 44 as it passes between
zones to ensure that the circuit board assembly is properly
conditioned prior to processing. The information obtained
from the IR camera assembly 120 is communicated to the
controller 114, which is configured to provide closed loop
processing of subsequent circuit board assemblies passing
through the wave solder machine 100.

For the wave solder machine application, the IR camera
assembly 120 includes a support structure having a mount-
ing plate 122 that is positioned on a top of the tunnel 106 of
the wave solder machine 100 and a shroud 124 that is
mounted on the mounting plate. The shroud 124 is config-
ured to surround an opening within the mounting plate 122
to enable a temperature of the tunnel 106 to be sensed by the
IR camera assembly. The support structure further includes
a support bracket 126 mounted on the shroud 124 on top of
the shroud. The support bracket 126 includes a port 128 to
connect to a source of nitrogen (N,) to provide an inert
atmosphere within the shroud. The support bracket 126
further includes an input port 130 to connect a sensor to the
support bracket.

The IR camera assembly 120 further includes an IR
camera 132 supported in an operating position by the
support bracket 126. A cable 134 is secured to the input port
130 to connect the IR camera 132 to the controller 114. As
mentioned above, any type of temperature sensor can be
employed to measure temperatures of circuit board assem-
blies within the tunnel 106 of the wave solder machine 100.
The IR camera 132 is configured to have a field of view that
is directed through the shroud 124 to the tunnel 106 of the
wave solder machine 100. The arrangement is such that the
IR camera 132 of the IR camera assembly 120 is configured
to detect temperatures of circuit board assemblies within the
tunnel 106 of the wave solder machine 100 and communi-
cating this information to the controller 114.

Selective Solder Machine

In a selective solder process, there are several process
steps. Firstly, there is a fluxing station in which the printed
circuit board assembly is cleaned by spraying a flux on a
solder side (bottom) of the printed circuit board assembly.
After the flux is applied, the printed board assembly is
transported to a preheat unit. The preheat unit can be
configured to include different heating concepts, such as
convection or radiation heaters. An objective of this process
step is to heat the printed circuit board assembly to a
pre-defined temperature that is typically measured on the
solder destination side (top) of the printed circuit board
assembly. The flux is activated, and the printed circuit board
assembly is warm so the solder will not solidify until the
selective solder process is performed. Prior to implementing
the heat detection system of the present disclosure, the
temperature of the printed circuit board assembly during
preheating can be measured with a pyrometer, which pro-
duces very limited heat information about the printed circuit
board assembly.

After preheating, the printed circuit board assembly is
transported to the solder area where one of two solder
processes can be performed. In one solder process, solder is
applied with a small solder nozzle configured to perform a
point-to-point solder process. In another solder processes,
solder is applied by a multi-wave plate in which the solder
joints are made with one dip.

Embodiments of the heat detection system may include an
IR camera (2D or 3D) into the selective solder process. The
data provided by this camera can be used for closed loop
process control. When a camera is installed above the
printed circuit board assembly in the preheat process, the
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temperature data obtained from the camera can provide
information to modify the power of the unit in such way that
a specified temperature is achieved when the selective solder
machine is ready to transport the board to the soldering
station. As a result, the printed circuit board assembly can
achieve an optimal temperature when it is soldered, which
will minimize the risk for defects. The data can be recorded
and in combination with board identification, such as bar-
code or RFID, the data can be used for traceability that can
be correlated to defects during assembly or field failures.

An IR scanner can also be implemented in the solder
station. For a multi-wave dip process, a 2D or 3D camera
can be configured to measure the temperature of the solder
joints. Such a configuration can identify whether the solder
is solidified (below melting point) before the printed circuit
board assembly is moved to avoid stress in the solder joint.
Also, this data can be used for process optimization as well
as traceability purposes.

For point-to-point solder processes, an implementation of
an IR scanner above the solder station can benefit to record
the conditions of the printed circuit board assembly and
verify that the temperatures are within a tolerance range of
temperatures. This information can be used to reduce defects
and have a better process control.

Other Aspects of the Heat Detection System

In some embodiments, the support bracket includes an IR
camera glass to protect the IR camera. Referring to FIG. 9,
a lens 140 is provided to protect the IR camera 132.
Although shown with the IR camera assembly 120 of wave
solder machine 100, it should be understood that the lens
140 or camera glass can be provided with the IR camera
assembly 62 associated with the reflow soldering oven 10.
Other types of materials to create a protective cover may
also be provided. The IR camera glass is positioned so that
pressurized air is moved across the IR camera glass to create
an “air curtain” thereby preventing obstruction of the IR
camera. In one embodiment, a moving film can be provided
to protect the IR camera.

The lens 140 can be applied to the IR camera 74 associ-
ated with the reflow soldering oven 10.

In some embodiments, the shroud can be configured to be
connected to another inert source of fluid.

In some embodiments, the shroud can be configured to a
source of fluid that is temperature controlled to protect the
IR camera.

In some embodiments, the support bracket can be con-
figured to mount the IR camera at a desired height and a
desired orientation to achieve a full field of view. In the
shown configuration, the IR camera is mounted on the top of
the tunnel of the reflow soldering oven. However, the IR
camera can be mounted on the side of the tunnel of the
reflow soldering oven. With side mounting, mirrors can be
employed to view the top and the bottom of the circuit
boards passing through the tunnel.

In some embodiments, the IR camera can be mounted on
a support structure that serves as a gantry to move the
camera across the circuit board. The IR camera can be
positioned inside or outside the tunnel of the reflow solder-
ing oven.

In some embodiments, the IR camera assembly can
include multiple IR cameras to measure two or more sepa-
rate locations within a select position within the tunnel of the
reflow soldering oven.

In some embodiments, a one-dimensional line-scan cam-
era can be used to detect circuit board temperatures.

In some embodiments, a two-dimensional camera can be
used to detect circuit board temperatures.



US 12,205,835 B2

15

In some embodiments, an existing reflow soldering oven
can be updated by way of retrofit kit, including the compo-
nents of the heat detection system including multiple IR
camera assemblies, e.g., the mounting plates, the shrouds,
the support brackets, the nitrogen connections, the IR cam-
era cables and the IR cameras. Software upgrades can be
provided for the controller of the reflow soldering oven.

In some embodiments, the heat detection system is con-
figured with the controller to provide a closed loop control
of the zone temperatures using the IR camera assemblies or
other temperature detection devices. Such closed loop con-
trol enables the operator to monitor circuit board tempera-
tures and locate hot spots on circuit boards, both on the tops
and bottoms of circuit boards.

In some embodiments, the controller is configured with
executable software that enables the closed loop control of
the various zones of the reflow soldering oven.

In some embodiments, the information obtained from the
heat detection system is collected and analyzed for future
actions.

In some embodiments, the IR camera assemblies of the
heat detection system are configured to obtain temperature
data at specific board level locations and in certain zones of
the reflow soldering oven.

In some embodiments, the IR camera assemblies of the
heat detection system are configured to provide data to the
controller for process control of downstream parameters
associated with the production line and/or to address equip-
ment issues.

In some embodiments, the printed circuit boards have bar
codes that are scanned by a bar code scanner, or other type
of'identification system, to keep track of data for each circuit
board.

In some embodiments, the IR camera assemblies of the
heat detection system is configured to obtain temperature
data used by the controller to provide closed loop localized
heating to board zones where need. Real-time zone-to-zone
temperature adjustments can be made, with the object of
circuit board temperature uniformity or a desired tempera-
ture profile.

In some embodiments, the closed loop processing of the
circuit boards can include controlling the conveyor to con-
trol conveyor speed in one or more zones to optimize heat
transfer. Fan blower speeds can also be controlled. In one
embodiment, the conveyor can include multiple sections that
correspond to the multiple zones, with each conveyor sec-
tion being controlled by the controller to control the speed
of the conveyor section and thus the temperature applied to
the circuit board. Localized heating of the circuit board is
achieved by this construction.

In some embodiments, the data obtained from the heat
detection system can be used for a variety of purposes. For
example, data can be communicated to the customer. Data
can be used to provide circuit board traceability in which
data on a particular circuit board is correlated to the cus-
tomer. Data can be used to find hot spot zones/levels within
the reflow soldering oven. Data can be used to optimize the
performance of the reflow soldering oven. Data can be used
to provide downstream input of processing equipment. Data
can be used to determine start and end times of scanning
performed by the IR camera assemblies on circuit boards.
Data can be used to generate circuit board profiles above and
below the circuit boards to determine certain board zones or
levels. Data can be used by the customer for other analytics
and stored on a customer server/network or on the cloud.
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In some embodiments, the controller can be configured to
achieve a scan mode to measure the temperature of all board
components as the boards travel on the conveyor through the
reflow soldering oven.

In some embodiments, the heat detection system is con-
figured to perform thermal imaging during Moire analysis
(strain/stress analysis) to correlate between temperature hot
spots and warpage responses.

In some embodiments, the heat detection system is con-
figured to find hot and cold spots during reflow soldering,
wave soldering, SRT rework, and selective soldering.

In some embodiments, the heat detection system can be
used to provide analytics to improve board design and
functionality.

In some embodiments, the heat detection system can be
used to lower voids in the reflow process.

In some embodiments, the heat detection system achieves
enhanced temperature control to reduce defects.

In some embodiments, the heat detection system incor-
porates integrated closed loop control of zone temperatures
of the reflow soldering oven by employing multiple infrared
(IR) camera assemblies at strategic locations to reduce
warpage, identify hotspots, determine component overheat-
ing, obtain profile validation and reduce voids.

In some embodiments, the heat detection system is con-
figured to include auto-sensing equipment having settings
that are self-adjusted based on ambient conditions and the
product being made, thereby increasing visibility, produc-
tivity, traceability and response times while lowering costs.

In some embodiments, the heat detection system enables
visibility and prescriptive real-time analytics with proactive
actionable intelligence across the supply chain.

In some embodiments, the heat detection system increases
flexibility by managing complexity within a closed loop
system.

In some embodiments, connectivity is improved by the
open architecture for developing standard or custom inter-
faces and data outputs. Architecture is configured to support
several MEMS.

In some embodiments, automation is improved by pro-
viding automated changeover and consumables replenish-
ment to reduce operator errors and headcount.

In some embodiments, the heat detection system is con-
figured to achieve self-optimization by reducing operator
intervention on machine parameters and providing closed
loop control to drive higher yields.

In some embodiments, maintenance is improved by
applying predictive maintenance items based on actual
needs of the reflow soldering oven or the wave solder
machine. Also, the improved maintenance replaces or
reduces planned time based on maintenance.

In some embodiments, the controller associated with the
reflow soldering oven or the wave solder machine includes
a controller that is adapted to control the operation of the
oven or machine based on operational parameters obtained
by the controller. The controller can be configured to com-
municate with a controller associated with a production line.
In one embodiment, the controller can be configured to
communicate with another controller, e.g., a controller asso-
ciated with the production line, over a controller area
network (CAN) Bus or other type of network. In other
embodiments, a master controller may be provided to con-
trol the operation of the controllers of the individual pieces
of equipment associated with the production line. The con-
troller may include a display, which is operably coupled to
the controller. The display is adapted to display the opera-
tional parameters of the reflow soldering oven or the wave
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solder machine, such as, but not limited to, temperature data
through zones of the oven or machine or data associated with
solder levels of the machine. Suitable sensors may be
provided to acquire such information. Alternatively, or in
addition to the foregoing embodiment, the operational
parameters may be displayed on the display provided within
the reflow soldering oven, the display provided within the
wave solder machine, and/or a display associated with the
production line.

In other embodiments, material identification for items,
such as circuit boards, traveling through the reflow soldering
oven or the wave solder machine, can include a device to
manipulate the item and a scanner to scan and identify the
item. For example, the reflow soldering oven or the wave
solder machine can be configured to include a pinch wheel
to rotate the circuit board to align a code or predetermined
identification mark provided on the circuit board with scan-
ner provided on the oven or machine. The system is con-
figured to tie material identification associated with the
circuit board to a recipe, production time, etc., for the reflow
soldering oven or the wave solder machine. In one embodi-
ment, a barcode to identify the items can be implemented.
For example, the barcode can include a 1D scanner for UPC
codes, a 2D scanner for QRC codes, a printed label applied
on the item or a laser etched label etched on the item. In
another embodiment, an RFID system to identify the items
can be implemented. For example, the RFID system can
include an RFID tag applied to the item and an RFID reader
associated with the reflow soldering oven or the wave solder
machine. With an RFID system, line-of-site between the
reader and the item is not required. Moreover, scanning is
not required to identify all items within the movable cart. In
another embodiment, an imaging or vision system to iden-
tify the items can be implemented.

In some embodiments, a database is provided to keep
track of items processed through the reflow soldering oven
or the wave solder machine. In one embodiment, the data-
base may include an open application (App) architecture and
be configured to push data to the reflow soldering oven or
the wave solder machine. The oven or machine can be
configured to communication with the oven or machine to
push/pull data to the oven or machine and/or the production
line or configured to communicate with the production line
directly. The database can include job information or mate-
rial information. The database further can communicate with
a manufacturing execution system (MES) associated with
the production line, the reflow soldering oven and/or the
wave solder machine. The MES system can be configured to
know which materials are required for a production run. The
movable cart can be configured to communicate with the
MES system to adjust delivery of items to the reflow
soldering oven or the wave solder machine.

The database further can be configured to retrieve infor-
mation about items based on identification, e.g., a barcode
number. In one embodiment, a central management system
can be provided in which the reflow soldering oven or the
wave soldering machine is programmed to accept material
coming from movable cart. The reflow soldering oven or the
wave solder machine is programmed to update the database
to process circuit boards through the oven or machine from
a network, which is tied back to the MES system.

The database further can be configured to store additional
information, such as temperature data, numbers of circuit
boards processed, and/or consumption of materials associ-
ated with the reflow soldering oven or the wave solder
machine. The database can be configured to store informa-
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tion locally or remotely, and can be configured to store data
associated with one or more production runs.

The database can be configured to share prediction data
when new production runs are contemplated or pro-
grammed. For example, with respect to storing information
related to temperature processing efficiency, the database
can be configured to perform one or more of the following:
store information on temperature zone data, numbers and
types of circuit boards processed, when paste consumable
items need replenishment; trigger an alarm and/or a report;
signal to an inventory control system associated with the
reflow soldering oven, the wave solder machine and/or the
production line; perform analytics on consumable usage
based on operating parameters and actual use and upstream/
downstream equipment activity; predict changeout or main-
tenance; and correlate over multiple sites to predict future
production run parameters.

The database can be configured to store data associated
with lot traceability. In addition, RFID or mechanical keying
of a circuit board is provided to ensure correct alignment/
orientation/direction/front-back/top-bottom  when these
items are inserted into the reflow soldering oven or the wave
soldering machine for processing. A low-cost reader can
perform this function.

Having thus described several aspects of at least one
embodiment of this disclosure, it is to be appreciated various
alterations, modifications, and improvements will readily
occur to those skilled in the art. Such alterations, modifica-
tions, and improvements are intended to be part of this
disclosure, and are intended to be within the spirit and scope
of'the disclosure. Accordingly, the foregoing description and
drawings are by way of example only.

What is claimed is:

1. An apparatus configured to join electronic components
to an electronic substrate, the apparatus comprising:

a chamber housing including a tunnel extending through

multiple processing zones;

a conveyor configured to transport the electronic substrate

in the tunnel through the multiple processing zones;

a heat detection system including at least one temperature

sensor coupled to the chamber housing, the at least one
temperature sensor being configured to detect tempera-
tures of the electronic substrate passing proximate to
the at least one temperature sensor, the heat detection
system further being configured to generate tempera-
ture data based on the detected temperatures; and

a controller coupled to the multiple processing zones, the

conveyor and the heat detection system, the controller
being configured to receive temperature data from the
heat detection system,
wherein the at least one temperature sensor includes at
least one temperature assembly, the at least one tem-
perature assembly including a support structure, a
support bracket coupled to the support structure, and an
IR camera secured to the support bracket,

wherein the support structure includes a shroud that is
mounted on a top wall of the chamber, the shroud being
configured to surround an opening within the top wall
of the chamber to enable a temperature of the tunnel to
be sensed by the IR camera, and

wherein the support bracket includes a port to connect to

a source of nitrogen (N2) to provide an inert atmo-
sphere within the shroud and an input port to connect
a sensor to the support bracket.

2. The apparatus of claim 1, wherein the support structure
includes a mounting plate that is positioned on a top of the
tunnel and a shroud that is mounted on the mounting plate.
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3. The apparatus of claim 2, wherein the shroud is
configured to surround an opening within the mounting plate
to enable a temperature of the tunnel to be sensed by the IR
camera.

4. The apparatus of claim 1, wherein the support bracket
includes a glass cover to protect the IR camera.

5. The apparatus of claim 1, wherein the support bracket
is configured to mount the IR camera on top of the tunnel at
a desired height and a desired orientation to achieve a full
field of view.

6. The apparatus of claim 1, wherein the at least one
temperature sensor includes multiple IR cameras to measure
two or more separate locations within select locations within
the tunnel.

7. The apparatus of claim 1, wherein the heat detection
system is configured with the controller to provide closed
loop control of the zone temperatures of the multiple pro-
cessing zones using the sensor assembly.

8. The apparatus of claim 7, wherein the at least one
sensor assembly is configured to obtain temperature data at
specific locations on the electronic substrate and in certain
processing zones.
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9. The apparatus of claim 8, wherein temperature data is
used to provide traceability of the electronic substrate in
which data on the electronic substrate is provided on a
display associated with the controller.

10. The apparatus of claim 8, wherein temperature data is
used to find hot spot zones/levels within the chamber
housing.

11. The apparatus of claim 8, wherein temperature data is
used to optimize the performance of the apparatus and/or to
provide downstream input of processing equipment and/or
to determine start and end times of scanning performed by
the at least one sensor assembly on the electronic substrate
and/or to generate a profile of the electronic substrate above
and below the electronic substrate.

12. The apparatus of claim 7, wherein the closed loop
control includes controlling a speed of the conveyor in the
multiple processing zones.

13. The apparatus of claim 1, wherein the controller can
be configured to achieve a scan mode to measure the
temperature of components of the electronic substrate as the
electronic substrate travel on the conveyor through the
chamber housing.



